INTRODUCTION
Segregation distortion and more effective linkage as cytophysiological devices can contribute to storage and protection of genetic variation. Know!-edge about these components of the genetic system are important prerequisites for population studies.
Segregation distortion for instance can thwart evolutionary processes and can bias the estimation of certain genetic parameters. Without linkage the formation of supergenes as adapted gene complexes is impossible. Linkage influences gametic phase disequilibrium and can play an important role when marker genes are used to predict genetic gains (Frei et a!., 1986) .
In conifers several linkage studies have been performed and some more or less closely linked loci have been established (Guries et a!., 1978; Rudin and Ekberg, 1978; Adams and Joly, 1980; Conkle, 1981; Eckert et a!., 1981; Cheliak et a!., 1984; Cheliak and Pitel, 1985; Fumier et a!., 1986; O'Malley et a!., 1986; Strauss and Conkle, 1986; Muona et a!., 1987; Shiraishi, 1988; Müller-Starck and Liu, in press; Geburek and Wang, submitted) . MATERIALS The raw extracts were separated by means of horizontal starch gel electrophoresis. Details of the electrophoretic conditions, gel and electrode buffers as well as staining recipes for the isozymes are given in Geburek et a!. (1987) . P01 was separated and stained according to Conkle et al. (1982) .
For the linkage analysis 57 out of 91 possible two-locus combinations could be investigated. Table 2 shows the combinations of loci tested and the number of trees studied. On the average about 280 gametes were analysed per combination.
The statistical procedures used to test for linkage and to estimate the recombination frequency are described below: a doubly heterozygous tree produces four kinds of gametes A1B1, A1B2, A2B1 and A2B2. Parental and recombinant types of gametes are associated with the numbers of gametes in coupling (those in categories A1B1 and A2B2) and repulsion (those in A1B2 and A2B1). The estimation of this B is especially biased when a small sample size is analysed and/or weak linkage is present at the respective loci combination.
This was the reason why in this investigation a likelihood procedure was used, which considers the fact that the putative recombinants are not necessarily the defacto recombinants. When n1 is the number of analysed gametes of the ith tree and k, is the number of the smaller class in repulsion or coupling phase the likelihood is denoted by
which is expressed for a single tree as
The maximum likelihood estimator is that value of O, which maximizes L(O11Jn,, k,) and was The 95 per cent maximum likelihood confidence interval (CI) was determined as
and the upper and lower borders were found by grid search. Nordheim eta!. (1983) showed that a Bayesian approach, using a prior distribution that places equal probabilities on all values of 0 is superior to the maximum likelihood procedure when weak linkage is observed. Therefore an additional estimator was calculated (Jefireys, 1961) .
The integrals were calculated by approximating the likelihood function by a step function. Contingency-tables were employed for the linkage analysis and to test if the segregation at the different gene loci followed the Mendelian 1: 1 expectation. Unbalanced segregation of one pair of alleles does not affect linkage analyses (Mather, The map distance in centimorgans (cM) was calculated after Kosambi (1944) employing O.
Before estimating this distance pooled over several trees, each single tree map distance was weighted with G according to Fisher (1937) :
Segregation
In total 14 isozyme gene loci were tested for segregation (table 3) . There was no significant heterogeneity among samples for the same loci.
Only at Idh-1 and Pgi-2 segregation distortion was significant (P <0.05) resulting in allelic proportions of 324:272 and 567 : 642 respectively. nation rate is high and vice versa. Tight linkage blocks were indicated for certain two-locus combinations. Got-i was linked tightly to Pgi-2 and to Dia-2. For these two-locus combinations one tree with seed samples of different crops was available. Pooled over the two seed samples recombination frequencies (Bayes estimates) for Dia-2: Got-i, Dia-2:Pgi-2, and Got-1:Pgi-2 were 0-316, 0264, and 0153, respectively. Got-2: Skdh-1 could be analysed employing the seeds of three trees. For two of them seed samples of different years were available. Whereas for tree Gi very similar results were obtained when calculating 0 based on the two seed samples, 8 for G7 differed strongly between the two years. Pooled over all seed samples and trees 02 of 0344 was calculated. Lap-2:Pgi-2 showed moderate linkage resulting in 82 of 0410, when the data of five seed samples of three trees were considered. The gamete frequencies of tree Gi resulted in contradictory 0 estimates with one sample showing linkage, the other not. 6-Pgdh-3 and Skdh-1 seem to be also moderately linked in one of the three investigated trees. This combination showed moderate linkage in one tree with a 02 of O392, whereas the other seed sample of the same tree and the two other trees showed no linkage. A tentative map of the gene loci is given in fig.  1 . Lap-2 was found to be linked to Pgi-2. However no tree was available to study linkage between Lap-2 and either Got-i or Dia-2. Therefore Lap-2 could be loéated on the other side of this linkage group.
Linkage

DISCUSSION
Segregation distortion
Some enzymes seem to exhibit more frequent segregation distortion than others. There are several studies in conifers, which show that GOT, LAP, 6-PGDH, and APH often do not segregate in the expected 1: 1 ratio (cf. Strauss and Conkle, 1986) . At the Gdh locus Cheliak eta!. (1987) found segregation distortion in Norway spruce. In the present study segregation distortions were observed at Idh-1 and Pgi-2 pooled over all trees. Several factors could contribute to such meiotic drive processes and/or gametic selection. Distortion genes linked to isozyme gene loci or linkage of embryonic lethal genes and the respective isozyme gene locus can cause segregation distortion. Viability selection after fertilization can also contribute to segregation distortion because only those maternal gametes could be scored that were associated with viable embryos.
Linkage
The presented data indicate that Mdh-3, Idh-i, 6-Pgdh-2, 6-Pgdh-3, Gdh-1, Got-2, Pgm-1, Aph-2, and Lap-2 are not linked in P. abies. This is in good agreement with the results elaborated in earlier studies in this tree species. Our data confirm six pair-wise combinations, which were also analysed by Lundkvist (1979) and resulted in free recombination in P. abies.
Out of 29 two-locus combinations also investigated by Muona et al. (1987) the data of the present study confirm their findings of 27 combinations. One of their pair-wise comparisons showed weak linkage (Aph-2: Gdh-1; 0 = 0.417) in one of three trees analysed. However, linkage between these loci could not be confirmed in any of the three trees of the present study analysing in total 287 gametes. The moderate linkage of Lap-2: Pgi-2 found in our material was not observed by Muona et al. (1987) . However, in two of our five samples linkage was not found to be significant and the estimated distance between these loci was about 48 cM. Estimated recombination frequencies of Got-i: Pgi-2, Dia-2: Pgi-2, and Dia-2: Got-i of our material were in the same frame and increased in identical order as found by Muona eta!. (1987) . An earlier linkage study in Norway spruce indicated the following linkage groups (Poulson et a!.
1983):
(1) Lap-1:Got-3:6-Pgdh-3, (Got-3 is considered to be identical with Got-2 of this study) (2) Mdh-2:Mdh-3, (3) Got-i:Lap-2.
Concerning linkage in many loci analysed in their study there is agreement with our results. However linkage of Got-2 : 6-Pgdh-3 could not be confirmed in any of the eight trees regarding 832 gametes.
The one tree tested for of Lap-I : Got-2, also showed no linkage. The linkage blocks of Mdh-2: Mdh-3 and Got-i: Lap-2 could not be studied in the present investigation. Linkage of Pgi-2 and 6-Pgdh-2, 3 in P. g!auca (King and Dancik, 1983) is not supported by our data.
Significant linkage was found in tree G8 mates among two seed samples of G8, as well as no linkage in the other trees leads us to expect free combination of these loci. Muona et a!. (1987) investigated this combination employing one Norway spruce clone and also found no linkage.
The recombination rates varied among the tested trees but environmental as well as genetic factors could contribute to this phenomenon (Allard, 1963; Grell, 1966; Moran et a!., 1983) . Thus mapping of isozyme gene loci can only be tentative in this study. The numbers of trees investigated were fairly small. Nevertheless our mapping is in agreement with the findings in other Pinaceae (see gene mapping in five Pinus species reviewed in Conkle, 1981) . Lap-2 may be located either on the right or left of Pgi-2. Since Poulsen eta!. (1983) have calculated a map distance between Got-i and
Lap-2 of about 20 cM, it is more probable that Lap-2 is located on the left of Pgi-2 when regarding our estimated distances. Also Aco could be part of this linkage block (Cheliak et a!., 1987) .
Especially striking is the highly conservative linkage group of Got-i and Pgi-2 resulting in a distance estimate of 16 cM which agrees well with other studies in the Picea genus (King and Dancik, 1983; Boyle and Morgenstern, 1985; Barret et a!., 1987; Muona e al. 1987 ).
